Introduction
The Standard Model (SM) of particle physics has been an incredibly successful theory which has been confirmed experimentally many times, however, it still has some short-comings. As such physicists continue to search for models beyond the SM which might explain issues such as naturalness (the hierarchy problem). Among the possible discoveries that would signal the existence of these new physics models (among several) would be the discovery of a charged Higgs boson.
Recall that in the SM we have a single complex Higgs doublet, which through the Higgs mechanism, is responsible for breaking the Electroweak (EW) symmetry and endowing our particles with their mass. As a result we expect one neutral scalar particle (known as the Higgs boson) to emerge. Now whilst physicists have become comfortable with this idea, we have not yet detected this illusive Higgs boson. Furthermore, this approach leads to the hierarchy problem, where extreme fine-tuning is required to stabilise the Higgs mass against quadratic divergences. As such a simple extension to the SM, which is trivially consistent with all available data, is to consider the addition of extra SU(2) singlets and/or doublets to the spectrum of the Higgs sector. One such extension shall be our focus here, that where we have two complex Higgs doublets, the so-called Two-Higgs Doublet Models (2HDMs). Such models, after EW symmetry breaking, will give rise to a charged Higgs boson in the physical spectrum. Note also that by having these two complex Higgs doublets we can significantly modify the Flavour Changing Neutral Current (FCNC) Higgs interactions in the large tan β region (where tan β ≡ v 2 /v 1 , the ratio of the vacuum expectation values (vevs) of the two complex doublets).
Among the models which contain a second complex Higgs doublet one of the best motivated is the Minimal Supersymmetric Standard Model (MSSM). This model requires a second Higgs doublet (and its supersymmetric (SUSY) fermionic partners) in order to preserve the cancellation of gauge anomalies [1] . The Higgs sector of the MSSM contains two Higgs supermultiplets that are distinguished by the sign of their hypercharge, establishing an unambiguous theoretical basis for the Higgs sector. In this model the structure of the Higgs sector is constrained by supersymmetry, leading to numerous relations among Higgs masses and couplings. However, due to supersymmetry-breaking effects, all such relations are modified by loop-corrections, where the effects of supersymmetry-breaking can enter [1] .
Once armed with a model for a charged Higgs boson, we must determine how this particle will manifest and effect our experiments. Of the numerous channels, both direct and indirect, in which its presence could have a profound effect, one of the most constraining are those where the charged Higgs mediates tree-level flavour-changing processes, such as B → τν and B → Dτν [8] . As these processes have already been measured at B-factories, they will provide us with very useful indirect probes into the charged Higgs boson properties. Furthermore, with the commencement of the Large Hadron Collider (LHC) studies involving the LHC environment promise the best avenue for directly discovering a charged Higgs boson. As such we shall determine the properties of the charged Higgs boson using the following processes:
• LHC: pp → t(b)H + : through the decays H ± → τν, H ± → tb (b − t − H ± coupling).
• B-factories: B → τν (b − u − H ± coupling), B → Dτν (b − c − H ± coupling).
The processes mentioned above have several common characteristics with regard to the charged Higgs boson couplings to the fermions. Firstly, the parameter region of tan β and the charged Higgs boson mass covered by charged Higgs boson production at the LHC (pp → t(b)H + ) overlaps with those explored at B-factories. Secondly, these processes provide four independent measurements to determine the charged Higgs boson properties. With these four independent measurements one can in principle determine the four parameters related to the charged Higgs boson couplings to b-quarks, namely tan β and the three generic couplings related to the b − i − H ± (i = u, c, t) vertices. In our analysis we focus on the large tan β-region [9] , where one can neglect terms proportional to cot β, where at tree-level the couplings to fermions will depend only on tan β and the mass of the down-type fermion involved. Hence, at tree-level, the b − i − H ± (i = u, c, t) vertex is the same for all the three up-type generations. This property is broken by loop corrections to the charged Higgs boson vertex.
Our strategy in this pedagogical study will be to determine the charged Higgs boson properties first through the LHC processes. Note that the latter have been extensively studied in many earlier works (see Ref. [10] , for example) with the motivation of discovering the charged Higgs boson in the region of large tan β. We shall assume that the charged Higgs boson is already observed with a certain mass. Using the two LHC processes as indicated above, one can then determine tan β and the b − t − H ± coupling. Having an estimate of tan β one can then study the B-decays and try to determine the b − (u/c) − H ± couplings from B-factory measurements. This procedure will enable us to measure the charged Higgs boson couplings to the bottom quark and up-type quarks [11] .
The chapter will therefore be organised in the following way: In Section 2 we shall discuss the model we have considered for our analysis. As we shall use an effective field theory derived from the MSSM, we will also introduce the relevant SUSY-QCD and higgsino-stop loop correction factors to the relevant charged Higgs boson fermion couplings. Using this formalism we shall study in section 3 the possibility of determining the charged Higgs boson properties at the LHC using H ± → τν and H ± → tb. In Section 4 we shall present the results of B-decays, namely B → τν and B → Dτν, as studied in Ref. [8] . Finally, we shall combine the B-decay results with our LHC simulations to determine the charged Higgs boson properties (such as its mass, tan β and SUSY loop correction factors) and give our conclusions.
Effective Lagrangian for a charged Higgs boson
In this section we shall develop the general form of the effective Lagrangian for the charged Higgs interactions with fermions. As already discussed in the introduction of this chapter, at tree-level the Higgs sector of the MSSM is of the same form as the type-II 2HDM, also in (at least in certain limits of) those of type-III. In these 2HDMs the consequence of this extended Higgs sector is the presence of additional Higgs bosons in the physics spectrum. In the MSSM we will have 5 Higgs bosons, three neutral and two charged.
The MSSM charged Higgs
We shall begin by recalling that we require at least two Higgs doublets in SUSY theories, where in the SM the Higgs doublet gave mass to the leptons and down-type quarks, whilst the up-type quarks got their mass by using the charge conjugate (as was required to preserve all gauge symmetries in the Yukawa terms). In the SUSY case the charge conjugate cannot be used in the superpotential as it is part of a supermultiplet. As such the simplest solution is to introduce a second doublet with opposite hypercharge. So our theory will contain two chiral multiplets made up of our two doublets H 1 and H 2 and corresponding higgsinos H 1 and H 2 (fields with a tilde ( ) denote squarks and sleptons); in which case the superpotential in the MSSM is:
The components of the weak doublet fields are denoted as:
The quantum numbers of the SU(3) × SU(2) × U(1) gauge groups for The soft SUSY breaking masses and trilinear SUSY breaking terms (A-term) are given by:
Let us first discuss the simplest case where soft breaking masses are proportional to a unit matrix in the flavour space, and A u , A d and A e are proportional to Yukawa couplings. Their explicit forms being:
where a i (i = 1 − 5) are real parameters.
At tree-level the Yukawa couplings have the same structure as the above superpotential, namely, H 1 couples to D c and E c ,andH 2 to U c . On the other hand, different types of couplings are induced when we take into account SUSY breaking effects through one-loop diagrams. The Lagrangian of the Yukawa sector can be written as:
where Δy d , Δy u , and Δy e are one-loop induced coupling constants, and we recall that gauge indices have been suppressed; for example
From the above Yukawa couplings, we can derive the quark and lepton mass matrices and their charged Higgs couplings. For the quark sector, we get
where we define
, and v ≃ 246GeV. Notice that Δy d is proportional to y d or y d y † u y u in this case. We then rotate the quark bases as follows:
where the fields with a prime ( ′ ) are mass eigenstates. In this basis, the down-type quark Lagrangian is given by
where
Hereafter, a matrix with a hat ( ) represents a diagonal matrix. Since the down-type diagonal mass term is given by we obtain the following Lagrangian for down-type quarks.
The corresponding corrections to the up-type couplings can be calculated from Eq.(6). Since we are interested in the large tan β case, these corrections are very small. In the following we neglect such corrections, and the Lagrangian for the up-type quarks is given as follows:
For the case of the charged-lepton, we can derive the relevant parts of the Lagrangian in a similar way to the case of the down-type quark by choosing an appropriate basis choice.
In the present case with Eqs.(4) Δ m d receives contributions from gluino and down-type squark, and higgsino and up-type squark diagrams. The explicit form is given as follows:
E g and E h are gluino and charged higgsino contributions shown in Fig.1 (a) and (b) respectively. Note that these corrections for Yukawa couplings are calculated in the unbroken phase of SU(2) × U(1).
Up to now we have assumed all squark mass matrices are proportional to a unit matrix at the EW scale, as shown in Eqs. (4) . However, models with Minimal Flavour Violation (MFV) correspond to more general cases. For instance, the assumption of Eqs. (4) is not satisfied in minimal supergravity, where all squarks have a universal mass at the Planck scale, not at the EW scale. In Ref. [8] they derive the charged Higgs coupling in a more general case of MFV. Namely the squark mass matrix is taken to be
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Will-be-set-by-IN-TECH
The final results of the charged Higgs coupling being given by
The functions E g (i) , etc. are listed in Ref. [8] . In deriving these results only the y t in the up-type Yukawa coupling in loop diagrams was kept and use made of the hierarchy of the CKM matrix elements. See Ref. [8] for details. Notice that the above results do not depend on the relationship between the A-terms and the Yukawa couplings, since only the y t in loop diagrams was kept, even though Eqs.(4) are assumed.
Couplings to the bottom quark
From Eq.(10) and now under the assumption of MFV, we know that trilinear couplings are in general proportional to the original Yukawa couplings. We shall therefore label the components of the diagonal matrix R 
where this equality is broken to some extent by loop corrections to the charged Higgs vertex, and R d can then be written as:
In the forth-coming analysis we have kept the O(α s ) SUSY-QCD corrections and SUSY loop corrections associated with the Higgs-top Yukawa couplings (as discussed in the previous subsection) and have neglected the subleading EW corrections of the order O(g 2 ) as given in Ref. [12] . 1 Therefore, they then depend upon the higgsino-mass parameter μ, the up-type trilinear couplings A, and the bino, bottom and top squark masses. As argued in Ref. [8] the higgsino-diagram contributions can be neglected in R −1 11 and R −1 22 , so that to a very good approximation R −1 11 ≈ R −1 22 . As an illustration, we show in Fig.2 the dependence of the SUSY corrections on tan β for some illustrative SUSY parameters. These corrections can alter the tree-level values significantly, although low-energy data (e.g. from b → sγ, B −B mixing, tan (300,-500) (300,0) (300,500) (500,-500) (500,0) (500,500) B → μμ and b → sμμ) restricts the admissible parameter space [14] . In addition, it can be observed that the higgsino corrections are proportional to the up-type Yukawa couplings and hence can be substantial for diagrams involving the top quark as an external fermion line. This effectively implies that R −1 33 can differ substantially from R −1 11 , where for certain SUSY scenarios, as shown in Fig.2 , we observe that R −1 33 can differ from R −1 11 by more than 30%. This difference could be observed at the LHC for processes that depend on R −1 33 when compared with the results of B-factories for processes that depend on R −1 11 . We remind the reader that the effective couplings are invariant under a rescaling of all SUSY masses and may indeed be the first observable SUSY effect, as long as the heavy Higgs bosons are light enough. The situation is similar in other models predicting a charged Higgs boson, such as those with a Peccei-Quinn symmetry, spontaneous CP violation, dynamical symmetry breaking, or those based on E 6 superstring theories, but these have usually been studied much less with respect to the constraints imposed by low-energy data. In the remainder of this work, we shall thus treat the diagonal entries of R −1 d as model-independent free parameters in our simulations and numerics, but we will assume that R −1 22 . Note that the corresponding corrections to the up-type couplings are suppressed by cot β and hence can be neglected in our analysis. 3 . The charged Higgs production at the LHC through the gg → tbH ± process, the gb → tH ± process, and there will also be parton level processes. The inclusive cross-section is the sum of these contributions, after the subtraction of common terms.
The H ± decay channels at the LHC
With the theory for a charged Higgs coupling to heavy quarks now developed, we shall now consider the case where the charged Higgs boson is heavier than the top quark mass. Our reasoning for doing this, in this illustrative example, is that experimental searches have already placed a lower limit on the mass of a charged Higgs, including LEP, which set a limit of m H ± > 78.6 GeV [15] . Note that within the MSSM, the charged Higgs mass is constrained by the pseudo-scalar Higgs mass and W-boson mass at tree level, with only moderate higher-order corrections, resulting in m H ± 120 GeV. Furthermore, the Tevatron constrains (in several different MSSM scenarios) m H ± 150 GeV [16] , and at the LHC ATLAS has so far found (for tan β > 22) m H ± > 140 GeV [17] and CMS m H ± 160 GeV [18] . As such, with m H ± m t , the production mechanism at the LHC shall be the associated production pp → tbH ± + X (the main production mechanisms are then gg → tbH ± , gb → tH ± and the parton level processes, as shown in Fig.3[19] ), with alternative production mechanisms like quark-antiquark annihilation,→ H + H − [20] and H ± + jet production, associated production with a W boson,→ H ± W ∓ [21] , or Higgs pair production having suppressed rates. Note that some of the above production processes may be enhanced in models with non-MFV, which we shall not consider here.
Once produced, it is expected that the decay channel H + → τν shall be the primary discovery channel for the charged Higgs boson. Recall that we shall consider the large tan β region, where the branching ratios of charged decays into SM particles is given in Fig.4 [10] . For tan β = 40 the branching ratio for H + → tb is also quite high, we shall therefore consider both decay channels here. Note that we have assumed a heavy SUSY spectrum, such that the charged Higgs will decay only into SM particles for the maximal stop mixing scenario. For low values of tan β, below the top quark mass, the main decay channels are H ± → τ ± ν τ , cs, Wh 0 and t * b.
As such we shall now simulate the charged Higgs boson in the LHC environment with as much care as is possible, where we have included QCD corrections, as well as fully analysing the H + → tb mode. We should note though that of the main production mechanisms in Fig.3 , there will be a partial overlap when the gb → tH ± is obtained from the gg → tbH ± by a gluon splitting into a b-quark pair. The summing of both contributions must be done with care, so as to avoid double counting, as we shall now discuss in greater detail.
The resolution of double-counting and the normalisation of the cross-section
From the associated production pp → tbH ± + X, two different mechanisms can be employed to calculate the production cross-section. The first is the four flavour scheme with no b quarks in the initial state, the lowest order QCD production processes are gluon-gluon fusion and quark-antiquark annihilation, gg → tbH ± and→ tbH ± respectively. Note that potentially large logarithms ∝ ln(μ F /m b ), arising from the splitting of incoming gluons into nearly collinear bb pairs, can be summed to all orders in perturbation theory by introducing bottom parton densities. This then defines the five flavour scheme. The use of bottom distribution functions is based on the approximation that the outgoing b quark is at small transverse momentum and massless, and the virtual b quark is quasi on-shell. In this scheme, the leading order process for the inclusive tbH ± cross-section is gluon-bottom fusion, gb → tH ± . The corrections to gb → tH ± and tree-level processes gg → tbH ± and→ tbH ± . To all orders in perturbation theory the four and five flavour schemes are identical, but the way of ordering the perturbative expansion is different, and the results do now match exactly at finite order.
As such, in order to resolve the double-counting problem during event generation we use MATCHIG [22] as an external process to PYTHIA6.4.11 [23] . In this program, when the gb → tH − (gb →tH + ) process is generated, there will be an accompanying outgoingb (b) quark. For low transverse momenta of this accompanying b quark, this process, including initial state parton showers, describes the cross-section well. However, for large transverse momentum of the accompanying b-quark one instead uses the exact matrix element of the gg → tbH − (gg → tbH + ) process. Whilst for low transverse momenta, this process can be described in terms of the gluon splitting to bb times the matrix element of the gb → tH ± process. As was shown in Ref. [24] , for low transverse momenta ( 100GeV) the gg → tbH ± approach underestimates the differential cross-section. Therefore, when the accompanying b-quark is observed, it is necessary to use both the gb → tH ± and the gg → tbH ± processes together, appropriately matched to remove the double-counting.
To do this MATCHIG defines a double-counting term σ DC , given by the part of the gg → tbH ± process which is already included in the gb → tH ± process. This term is then subtracted from the sum of the cross-sections of the two processes. The double-counting term is given by the leading contribution of the b quark density as:
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is the leading order b-quark density given by [22] :
with P qg the g →splitting function, g(x, μ 2 F ) the gluon density function, μ F the factorization scale and z the longitudinal gluon momentum fraction taken by the b-quark.
Including kinematic constraints due to finite center of mass energy (CM) and finite b quark mass, the resulting expression for the double-counting term can be written as [24] :
Here M 2→2 is the matrix element for the gb → tH ± process, μ F and μ R are the factorization and renormalization scales as in the gg → tbH ± process, and the kinematical variables are τ = x 1 x 2 , x 1,2 = √ τe ±y * , s = τs. θ is the polar angle of the t-quark in the CM system of the gb → tH ± scattering, and
Q 2 is the virtuality of the incoming b-quark and z is identified with the ratio of the CM energies of the gb system and the gg system.
Note that since the double-counting contribution should be subtracted from the sum of the positive processes, this weight is negative for double-counting events. This means that if all three processes are run simultaneously in PYTHIA, the total cross-section will be correctly matched.
With use of MATCHIG, issues of double-counting in our event generator are resolved. However, we shall not use the Monte-Carlo event generator, PYTHIA, to calculate the precise normalisation of the cross-sections, for though it gives an accurate description of the simulated data in both the low and high transverse momenta regions (with the inclusion of the external process MATCHIG), we can more accurately determine these by taking the leading order cross-section multiplied by an appropriate k-factor. The reason for this is that the matched sum is still normalised to the LO total cross-section, we renormalise it to NLO precision using CTEQ6M parton densities and the corresponding value of λ n f =5 MS = 226 MeV in the computations given in Ref. [25, 26] , which has been shown to be in good agreement with the one performed in Ref. [27] . For a Higgs boson mass of 300 GeV and in the tan β region of 30-50 considered here, the correction varies very little and can be well approximated with a constant factor of 1.2.
Simulations of the H ± → τν decay mode
As has already been mentioned, the τν decay channel offers a high transverse momenta, p T , of the τ and a large missing energy signature that can be discovered at the LHC over a vast region of the parameter space, where constraints have already been determined [17, 18] . To simulate this the events were generated in PYTHIA using the gb → tH ± process, explicitly using the mechanism pp → t(b)H ± → jjb(b)τν. That is, the associated top quark is required to decay hadronically, t → jjb. The charged Higgs decays into a τ lepton, H ± → τ ± ν τ , and the hadronic decays of the τ are considered. The backgrounds considered are QCD, W+ jets, single top production Wt, and tt, with one W → jj and the other W ± → τ ± ν τ . The width of the process H ± → τ ± ν τ is:
If the decay H ± → tb is kinematically allowed, comparing its width with Eq. (25) can give a rough estimate of the H ± → τ ± ν τ branching ratio:
Note that a measurement of the signal rate in H ± → τ ± ν τ can allow a determination of tan β.
Our approach for this process is as follows:
• We first searched for events having one τ jet, two light non-τ jets and at least one (or two) b-jets. There is no isolated hard lepton in this configuration.
•A W-boson from the top quark decay was first reconstructed using a light jet pair. Note that we retained all the combinations of light jets that satisfy |m jj − m W | 2 < 25GeV. We then rescaled the four momenta of such jets in order to arrive at the correct W-boson mass.
• We then reconstructed the top quark by pairing the above constructed W-boson with the bottom quarks. Choosing the combination which minimises χ 2 =( m jjb − m t ) 2 , we only retained the events that satisfied |m jjb − m t | < 25GeV.
• In this case, due to the presence of missing energy (the neutrino) in the charged Higgs decay, we can not reconstruct the charged Higgs mass. Instead we constructed the transverse mass of the charged Higgs.
Note that we were required to impose additional cuts, namely: • N 2 : On the missing transverse momenta, p miss T > 100GeV. Another hard cut which removes any possible QCD backgrounds, as typically QCD events have no hard leptons. Again this cut is problematic for relatively light Higgs masses, as it removes a large number of events.
• N 3 : Finally, a cut on the azimuthal angle between p T and p miss T was made. This cut removes the events coming from W with large p T . The decay product of such high p T W-bosons will satisfy the cuts on p τ T and p miss T as defined above. Such events originating from large p T W-bosons gives a large boost to the final products, and hence forces a rather small opening in the angle between the τ and ν. In the case of the charged Higgs (whose mass is much greater than the W's) the boost is relatively smaller, and this gives a relatively large angle between the τ and ν. As such we cut the azimuthal angle for δφ > 1 rad. This cut becomes much more effective as we move to larger Higgs masses, as the Lorentz boost for larger masses is much less, and hence there shall be larger angles between the final products.
Note also, that in order to add a greater degree of realism to our analysis we have also required that the:
• B-tagging efficiency be 60%.
• c-jets being misidentified as b-jets at 10%.
• light jets be misidentified as b-jets at 3%.
• τ jet tagging efficiency be 70%, which is somewhat more optimistic than current ATLAS results [17].
In Fig.5 we have plotted the transverse mass of the charged Higgs in the H → τν decay for a luminosity of 300 fb −1 , scaled to 30 fb −1 . In the plot the three lines correspond to positive events (where all three subprocesses are considered together), negative events (the amount to be subtracted to avoid double-counting) and the final matched events. The three panels correspond to different values of R −1 , as indicated. From this it can be observed that the resonance just below 250GeV is not particularly sensitive to the value of R −1 , the height of peak is slightly larger for higher values of R −1 . To further demonstrate the value of this process, we present in table 1 a comparison of the number of signal to background events, where the uncertainty in cross-section measurements is estimated as [10] :
where S and B are signal and background events respectively.
The numerical results of our analysis are therefore summarized in table 1. The table shows that for a reasonable range of input parameters the cross-sections at the LHC can be measured with a 10% accuracy for a luminosity of L = 100 fb −1 , whereas the measurement can be improved substantially for higher luminosities. Note that the error in the measurement of tan β is consistent with the observations made in Ref. [10] . For our analysis we have taken the 
6.2 % 5.5 % 5% Table 1 . Cumulative efficiencies of cuts and estimated errors for measurements of a signal cross-section for the process pp → t(b)H(→ τ had ν). For these numbers we have fixed m H ± = 300 GeV.
error in the measurement of the cross-section in this channel to be 10% for a luminosity of 100 fb −1 and 7.5% for a luminosity of 300 fb −1 . At this point we would like to note that for our results we have used fast detector simulator ATLFAST [28] and have followed the methodology as given in Ref. [10] .
Simulations of the H ± → tb decay mode
Finally, for the decay chain H ± → tb, recall that the interaction term of the charged Higgs with the t and b quarks in the 2HDM of type II, as given by Ref. [10] , is:
For the hadroproduction process gb → tH ± (see Fig.3 ) with the decay mechanism H ± → tb, the cross section for gb → tH ± can be written as:
Therefore, the decay width of H − →tb is given by:
where the factor 3 takes into account the number of colours. The final state of the hadroproduction process contains two top quarks, one of which we required to decay semi-leptonically to provide the trigger, t → νb ( = e, μ), and the other hadronically, t → jjb. The main background comes from ttb and ttq production with tt → WbWb → νbjjb.
As such, we have used the production channel pp → tH ± for this decay, and have tried to reconstruct the charged Higgs mass. That is, we have the following decay chain:
The procedure we have used in reconstructing the masses is:
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• We initially searched for one isolated lepton (both electrons and muons) with at least three tagged b-jets (this is done in order to include processes like gg → tbH) and at least two non b-jets. Furthermore, we used the cuts, where for b and non-b jets we used the same p T cuts, p e T > 20GeV, p μ T > 6GeV, p j T > 30GeV and |η| < 2.5.
• Next we tried to reconstruct the W mass (where the W originates from the top decay) in both leptonic (W → ν) and hadronic (W → jj) decays. For the leptonic decay we attributed the missing p T to the emergence of neutrinos from the leptonic W decay. Using the actual W mass we then reconstructed the longitudinal neutrino momentum. This gives a two fold ambiguity, both corresponding to the actual W mass, and neglecting the event if it gives an unphysical solution. Choosing both solutions the second W is reconstructed in the jet mode. We constructed all possible combinations of non-b jets and have plotted the invariant mass of the jets (m jj ), retaining only those combinations of jets which are consistent with |m jj − m W | < 10GeV. Note that the rescaling is done by scaling the four momenta of the jets with the W mass, that is,
• We then attempted to reconstruct the top quarks, where we have, at present, reconstructed two W bosons and three tagged b jets. There can be six different combinations of W's and b-jets that can give top quarks. As such, we chose the top quarks which minimise
• Finally, we retained the top quarks that satisfy |m jjb − m t | < 12GeV and |m νb − m t | < 12GeV. This leaves two top quarks and one b-jet. There can be two possible combinations, where we retained both. It should be noted that only one of the combinations is the true combination (the combination that emerged from a charged Higgs), the other combination being combinatorial backgrounds.
Using these techniques we can now generate the correlation plot of the two LHC processes considered here, see Fig.6 . In these plots we have considered three different values of R −1 33 , where these lines of constant R −1 33 are generated from three values of tan β (that is, tan β = 30, 40 and 50). Note that though this mode has a much larger branching ratio than H ± → τν, it has at least three b-jets in its final state. As such, the combinatorial backgrounds associated with this channel make it a challenging task to work with [10] , and not the best discovery channel for a charged Higgs at the LHC.
Charged Higgs at B-factories
Having now reviewed how a massive charged Higgs may be detected at the LHC, we shall now place greater constraints on the charged Higgs parameters by utilising the successful B factory results from KEK and SLAC. Note that B physics shall be a particularly fertile ground to place constraints on a charged Higgs. For example, it is well known that limits from b → sγ can give stronger constraints in generic 2HDMs than in SUSY models [29] ! The B decays of most interest here are those including a final τ particle, namely B → Dτν and B → τν [8] . An important feature of these processes is that a charged Higgs boson can contribute to the decay amplitude at tree-level in models such as the 2HDM and the MSSM. From the experimental perspective, since at least two neutrinos are present in the final state (on the signal side), a full-reconstruction is required for the B decay on the opposite side. For the B → Dτν process, the branching fraction has been measured at BaBar with 33 and tan β with fixed m H ± =300 GeV [11] .
.86 ± 0.24 ± 0.11 ± 0.06% [30] , which is consistent, within experimental uncertainties, with the SM, and with Belle [31] . Note also that the inclusive b → cτν branching ratio was determined at the LEP experiments [32] . In order to test for the charged Higgs fermion couplings, we now determine the charged Higgs contributions to tauonic B decays, where it is straightforward to write down the amplitudes
and B → τν processes. We should first like to note that the higgsino diagram contributions, see Fig.1(a) , to the R −1 22 are proportional to square of the charm Yukawa couplings, and since the branching ratio can change only by at most a few percent, we shall neglect such contributions here. Also, as we shall work with large tan β values, cot β terms can be neglected in the Lagrangian.
We can now calculate the charged Higgs effect on the B → Dτν branching ratio, by utilising the vector and scalar form factors of the B → D transition. These are obtained using the effective Lagrangian for b → cτν operators as given by
where G S and G P are scalar and pseudo-scalar effective couplings. These couplings are given from Eqs. (10), (11) and the similarly derived effective Lagrangian for charged leptons: 22 proportional to the square of the charm Yukawa couplings, and also neglect the last terms in G S and G P .
In the heavy quark limit, these form factors can be parameterized by a unique function called the Isgur-Wise function. From the semi-leptonic decays B → Dlν and B → D * lν (l = e, μ), the Isgur-Wise function is obtained in a one-parameter form, including the short distance and 1/M Q (Q = b, c) corrections. The short distance corrections for B → Dτν have also been calculated previously [36] . Here we adopt this Isgur-Wise function, but do not include the short distance and the 1/M Q corrections for simplicity.
Using the definitions,
the differential decay width is given by
. We use the following form of the Isgur-Wise function.
For the slope parameter we use ρ 2 1 = 1.33 ± 0.22 [36, 37] . Similarly, for the B → τν process, the relevant four fermion interactions are those of the b → uτν type [8] : 
the decay width of B → τν in the SM is given by:
which in the presence of a charged Higgs boson, is modified by a multiplicative factor to:
in the effective limits we have adopted. Note that our input parameters are the projected values for SuperB, that is, we shall use f B = 200 ± 30MeV in our numerics.
Note that this link can be understood by recalling that in our generalized case of MFV, that is Eq. (16), the scalar and pseudo-scalar couplings, Eqs. (32), (33), (37) , and (38) can be obtained by the following replacement.
[R
[R 22 . Using these results we have generated the contour plots in Fig.7(b) , where a correlation of the 
Determination of the effective couplings
Collecting our numerical results from section 3 and the branching ratios calculated in the previous subsection, we have generated the plots in Figs.7 and 8. In these figures we can see correlations of the LHC cross-sections with the two B processes, where in these plots we have varied tan β in the range 30 < tan β < 50 for different values of R −1
ii (ii = 11, 33). Fig.7 (a) shows the correlation of the LHC observables, whilst the correlation of B-decay branching ratios in Fig.7(b) the tauonic B-decays considered in this work. Hence the measurement of these two B-decays will only give an estimate of the product of R −1 11 and tan β. However, by considering the correlations of the B-decay observables with LHC observables, as shown in Fig.8 , one can remove this degeneracy. So in principle it is possible to measure the four parameters (tan β and R
−1
ii with ii = 11, 22, 33) using the six correlation plots shown in Figs.7 and 8 . The primary question to be answered in this effective test of the charged Higgs couplings is "to what precision can we test R −1 ?". From our simulations we can safely assume that the LHC shall determine, to some level of precision, values for m H± and/or tan β. These values can then be converted into a value for R −1 with all the precision afforded to us from Fig.8 . Assuming the charged Higgs boson mass to be known (taken to be 300 GeV in our present analysis) we have obtained cross-section measurement uncertainties as given in table 1. As can be seen from this, it might be possible to measure R −1 33 and tan β with an accuracy of about 10% at high luminosity. Armed with this information about tan β, from the LHC measurements, it can then be taken as an input to the B-decay measurements, namely B → τν and B → Dτν. In Ref. [10] it was inferred that for large values of tan β (≥ 40), measurements to a precision of 6-7% for high luminosity LHC results are possible. Our results are consistent with these observations. Future Super-B factories are expected to measure the B → τν and B → Dτν to a precision of 4% and 2.5% respectively [38] . The present world average experimental results for tauonic B-decays are BR(B → τν)=( 1.51 ± 0.33) × 10 −4 and BR(B → Dτν)/BR(B → Dμν)= (41.6 ± 11.7 ± 5.2)% [30, 38] . Presently if one uses UTfit prescription of |V ub | then there is substantial disagreement between experimental and SM estimates for the branching fractions of B → τν. Recently, proposals have been given in Ref. [39] to reduce this tension between experimental and theoretical SM values of B → τν. Transforming the improved projected theoretical information of these decays along with future Super-B factory measurements one can measure R −1 11 and R −1 22 to a fairly high precision. To summarise, we have tried to demonstrate that at the LHC alone it is possible to measure the charged Higgs boson couplings, namely tan β and R −1 33 , to an accuracy of less than 10%. Combining this information from the LHC with improved B-factory measurements, one can measure all four observables indicated in the introduction. These observables represent effective couplings of a charged Higgs boson to the bottom quark and the three generations of up-type quarks, thus demonstrating that it is possible to test the charged Higgs boson couplings to quarks by the combination of low energy measurements at future Super-B factories and charged Higgs boson production at the LHC. Something which shall be realisable in the very near future as results from the LHC are already starting to emerge [17, 18] , and which will require more refined analyses in the near future.
